Introduction

Incidence
Spontaneous intracerebral hemorrhage (ICH) accounts for 10 to 15% of all strokes worldwide or 10 to 30 cases per 100,000 people per year [1] . Patients with ICH show the worst outcome of all stroke subtypes with a 30-day mortality rate of 30 to 50% [2] [3] [4] [5] . Moreover, longterm outcomes of ICH are even more devastating, with 75% of patients severely disabled or deceased at 1 year [4] . ICH is more frequently seen in men than women, especially in the Japanese population, and ICH is twice as common in Asians compared to other ethnic groups. The incidence of ICH appears to increase with advanced age [4, 6] .
Pathophysiology
ICH is classified as primary or secondary based on the underlying cause. Primary ICH is the result of spontaneous rupture of small vessels and accounts for 78 to 88% of all ICH cases [7] . Causes include hypertension and cerebral amyloid angiopathy. Secondary ICH (accounting for 12 to 22% of all ICH) is due to a cause other than small vessel rupture (e.g., aneurysm, arteriovenous malformation, hemorrhagic transformation of ischemic stroke, and neoplasms [7] . Following both types of ICH, edema formation will occur, perilesional blood flow will change, and some hematomas will expand with time. All these pathophysiological processes are described in more detail as follows, however, this review primarily focuses on the acute management of primary ICH.
Risk Factors
Numerous risk factors for ICH have been identified over the past several decades, including genetics, race, lifestyle, and pre-existing medical conditions [7] . Genetic risk factors include the apolipoprotein E ε2 and ε4 alleles, whereas both raise the risk for ICH in the lobar brain regions, only the ε4 allele is associated with deep ICH [8] . A first-degree relative with ICH is also an independent risk factor for ICH [9] . Lifestyle risk factors include smoking, excessive alcohol intake, drug abuse, unhealthy diet, and a lack of regular physical activity [9, 10] . Risk factors in a patient's past medical history include prior stroke, hypertension, diabetes mellitus, psychosocial stress, cerebral amyloid angiopathy, coagulopathy, and an underlying vascular lesion [7, 9, 10] . Although many of these factors cannot be modified, some offer therapeutic targets. In particular, the population attributable risk of hypertension for ICH is quite high [9] , and treatment of hypertension has been shown to decrease this risk for both cerebral amyloid angiopathy-related and hypertension-related ICH [11] .
Initial Hematoma
Initial hematoma volume is the strongest predictor of 30-day mortality, with 96% sensitivity and 98% specificity [12] . In addition, it predicts poor functional outcome [13, 14] . The apolipoprotein E ε2 allele is associated with larger hematomas, which appears to explain its effect on outcome [15] . The relation between oral anticoagulation use and baseline hematoma volume is unclear; some studies have shown increased baseline volumes [16, 17] , whereas others have not [15, 18] .
Hematoma location is also an important aspect of the initial hematoma, because location influences 30-day mortality rates: 44% for deep ICH, 46% for lobar ICH, 60% for brainstem ICH, and 34% for cerebellar ICH [3] . In a study of more than 1000 patients, the distribution of hematoma location showed 50% deep, 35% lobar, 10% cerebellar, and 6% brainstem ICH [19] .
Edema
The presence of intracerebral hemorrhage causes edema formation surrounding the hematoma (termed perihematomal edema) starting within hours of ICH onset and progresses with time [20, 21] . The physiology of edema formation consists of 2 stages. Early edema is due to the accumulation of serum proteins of the clot that contains osmotic activity [22] . Subsequently, the presence of cytotoxic and vasogenic edema leads to blood-brain barrier disturbances, sodium pump failure, and ultimately the death of neurons [23, 24] . The first hours after ICH onset, the blood-brain barrier continues to be nonpermeable for larger molecules, but after 8 to 12 hours the permeability increases and therefore fosters further edema formation [20] . In addition, an inflammatory reaction starts early after ICH and peaks a few days post-ICH, leading to secondary brain injury [20] .
Perilesional Blood Flow
In addition to edema, perilesional or perihematomal blood flow is of clinical interest because of a theoretical concern that lowering the systemic blood pressure may cause perilesional ischemia. Several studies, with heterogeneous results, have investigated this topic. A computed tomographic (CT) perfusion study showed reduced regional cerebral blood flow adjacent to the hematoma, which increased as the distance from the hematoma center increased [25] . In a single-photon emission computed tomography (SPECT) study, edema increased by 36% in the first 72 hours, and during this period the perilesional blood flow normalized [26] . An additional, more recent CT perfusion study also showed a reduced regional cerebral blood flow surrounding the hematoma, accompanied by a reduced oxygen extraction fraction. This decreased oxygen demand might be due to tissue damage caused by an inflammation process initiated by hematoma components [27] . Of note, 2 magnetic resonance image (MRI)-based studies found no evidence of decreased perilesional blood flow [28, 29] .
Hematoma Expansion
Another predictor of poor outcome is ongoing bleeding after hospital arrival, or hematoma expansion. Seventy three percent of patients express some degree of expansion, and 30 to 40% of patients expand more than 33% from baseline volume [13, 18, 30, 31] . The pathophysiological mechanism by which hematoma expansion occurs remains unclear. Possibilities include ongoing bleeding from the initially ruptured vessel and a cascading injury of nearby damaged small vessels after the initial rupture of a vessel [32] .
Hematoma expansion strongly influences outcome, with each 10% enlargement of the hematoma resulting in a 5% increased hazard of death, and an increase of 16% in the likelihood of 1 point worsening on the modified Rankin Scale [13] . Other studies also showed increased risks of poor functional outcome and death [16, 30, 33] . The occurrence of hematoma expansion is related to initial hematoma size; smaller hematomas are less likely to expand [16, 34, 35] . Other risk factors for expansion include early presentation [36] , warfarin use [16, 18] , and contrast extravasation on CT angiography (CTA) [36] [37] [38] . The latter will be discussed more extensively in the "Neuroimaging" section.
Diagnosis
Clinical Signs
Since ICH is a life-threatening disease, initial diagnosis is of critical importance. Clinical symptoms may include acute onset of headache, nausea, vomiting, seizures, and any focal or generalized neurological symptoms. In patients with suspected stroke, the presence of findings, such as coma, headache, vomiting, seizures, neck stiffness, and raised diastolic blood pressure, increase the likelihood of ICH compared to ischemia, but only neuroimaging can provide a definitive diagnosis [39] .
Neuroimaging
CT
In the United States, CT is the most commonly used form of neuroimaging in patients with neurological deficits. CT scanners are rapidly and commonly available in emergency departments in the United States [40] and highly sensitive in detecting ICH.
CT Angiography
CT angiography can accurately diagnose many underlying lesions of secondary ICH, such as aneurysm, Moyamoya disease, neoplasms, and arteriovenous malformations [41] . In addition, CT venography is very accurate in diagnosing venous sinus thrombosis, another secondary cause of ICH [42] . As CT scanners are widely available [40] , CT angiography is often used as an initial diagnostic modality in many centers, and may not meaningfully raise the risk of nephropathy following ICH [43] .
Another advantage to CT angiography is its ability to predict hematoma expansion. In patients with primary ICH, many show signs of contrast within the hematoma itself, suggesting that it may have been extravasated from an injured blood vessel [36, 44] . The presence of this contrast, which has been termed a "spot sign," is an independent predictor of which patients will go on to suffer hematoma expansion ( Fig. 1) [36] [37] [38] . The prevalence of the CTA spot sign decreases as time from onset to CTA increases, but its presence remains predictive of hematoma expansion independent of time from onset to CTA [36, 38] . Several other studies showed that the CTA spot sign is predictive of mortality and poor outcome [45, 46] . In secondary ICH, the CTA spot sign is also predictive of in-hospital mortality [47] , but vascular and nonvascular mimics of this finding are common and lower its sensitivity and specificity [48] .
MRI
Although CT is the most commonly used diagnostic tool to detect ICH, gradient recalled echo MRI is equally sensitive to detect acute ICH [49] . In addition, it is more sensitive for small hemorrhages, termed "microbleeds" [50] . Although these may not cause acute symptoms, their presence can serve as a marker of underlying vascular disease and can risk stratify patients for recurrent ICH [51] . 
Management
General Principles
Thus far, no individual therapy has demonstrated benefit in a randomized controlled trial. However, specialized treatment of acute ICH in a neurology or neurosurgery intensive care unit may well improve outcomes [52] . In addition, the fact that patients who have their care limited (such as those who have a "do not resuscitate" order) show worse outcomes, even in the absence of cardiac arrest, suggests that comprehensive aggressive care does provide some benefit [53] . Airway protection, anticoagulation reversal, blood pressure management, and intracranial pressure (ICP) management are vitally important strategies that need to be initiated as early as possible. In a recent article, 26 quality indicators were proposed for the systematic evaluation of ICH patient care, although many have not yet been validated as predictors of better outcome [54] .
Airway Protection
Thirty percent of those with supratentorial ICH and the majority with cerebellar or brainstem ICH require intubation for airway protection [55] . Intubation can prevent aspiration and maximize oxygenation, but these benefits should be weighed against potential risks of intubation in the acute phase [56] .
Medical Management
Anticoagulation Reversal
Oral Anticoagulation A population-based study reported a fourfold increase in oral anticoagulation-associated ICH between 1988 and 1999, accounting for as much as 17% of ICH cases in 1999 [57] . The observed increase is most likely due to the increased use of warfarin by patients with atrial fibrillation [58] . The use of warfarin at the time of ICH is associated with hematoma expansion [16, 18] and increased mortality [15] [16] [17] 59] .
Although no clinical trials have been published on anticoagulation reversal (the logistics of doing such a trial have been prohibitive [60] ), the fact that anticoagulation predisposes to more bleeding suggests that anticoagulation reversal is probably beneficial. A rapid correction of the international normalized ratio (INR) is recommended by the American Heart Association (AHA) and the European Stroke Organization (ESO), formerly known as the European Stroke Initiative [61, 62] . Intravenous administration of vitamin K is recommended, but because its effect takes several hours, additional therapy to restore coagulation factors is recommended [61, 62] . Two products are thought to restore the vitamin K-dependent coagulation factors: fresh frozen plasma and four-factor prothrombin complex concentrates (PCC) (some PCCs are termed 3-factor as they contain minimal factor VII [63] ). Correction of the INR to less than 1.4 within 2 hours has been associated with decreased rates of hematoma expansion [64] , but it is difficult to achieve this with fresh frozen plasma alone [65] . The role of activated recombinant factor VIIa (rFVIIa) is unclear in patients with anticoagulation-associated ICH, as restoring only 1 of the 4 missing factors may reverse the INR, but not necessarily the underlying coagulopathy [66, 67] .
Antiplatelet Therapy
There have been conflicting studies as to whether antiplatelet use worsens outcome in ICH; however, a recent systematic review suggested that previous use of antiplatelet therapy is associated with increased mortality [68] . This raises the question of whether antiplatelet therapy can be "reversed."
The most commonly used intervention is transfusion of fresh platelets. However, the value of this is unclear and is therefore considered to be investigational by the AHA [61] and is currently under investigation in the Platelet Transfusion in Cerebral Haemorrhage (PATCH) trial (The Netherlands National Trial Register No. NTR1303) [69] . A future option might be pro-coagulant agents, such as rFVIIa [70] . However, for those patients with thrombocytopenia, platelet transfusion should be initiated [61] .
Direct Thrombin and Factor Xa Inhibitors
Recent large clinical trials have suggested that oral factor Xa inhibitors (rivaroxaban and apixaban) [71, 72] and an oral direct thrombin inhibitor (dabigatran) [73] are effective alternatives to warfarin. Therefore, the near future holds the likelihood that ICH in the setting of these agents will become increasingly common. It is not at all clear how to "reverse" these agents; some authors have argued for coagulation factor concentrates, such as PCC [74, 75] .
Blood Pressure
Elevated blood pressure is very common after ICH and is associated with hematoma expansion and poor outcome [76] . Unfortunately, it remains unclear whether elevated blood pressure is caused by expansion of the hematoma or if it is the cause of the expansion. Randomized controlled trials addressing acute blood pressure therapy include Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial (INTERACT) [77] and Antihypertensive Treatment of Acute Cerebral Hemorrhage (ATACH) [78] , and it appears that aggressive blood pressure treatment (to less than 140 mmHg) decreases the rate of substantial hematoma expansion without increasing adverse events [77, 78] . However, no effect on clinical outcome has been demonstrated. In a post-hoc analysis of the INTERACT trial, the maximum therapeutic effect on hematoma expansion was found in the group of patients with the lowest systolic blood pressure levels (median 135 mmHg) [79] . The INTERACT2 (ClinicalTrials.gov No. NCT00716079) and ATACH-II (ClinicalTrials.gov No. NCT01176565) trials are currently recruiting patients to further investigate whether blood pressure-lowering can improve outcomes.
Recombinant Factor VIIa
In 2 randomized clinical trials, the administration of rFVIIa to patients with primary ICH successfully reduced the risk of hematoma expansion, but did not change clinical outcomes [80, 81] . This may have been due to an increased rate of thromboembolic events in the treatment arm [81] . Therefore, the AHA guidelines do not recommend the use of rFVIIa in unselected ICH patients. Two randomized placebo-controlled clinical trials, The Spot Sign for Predicting and Treating ICH Growth Study (STOP-IT) (ClinicalTrials.gov No. NCT00810888) and Spot Sign Selection of Intracerebral Hemorrhage to Guide Hemostatic Therapy (SPOTLIGHT) (ClinicalTrials.gov No. NCT01359202), are currently using the CTA spot sign to guide treatment with rFVIIa to select patients at their highest risk of hematoma expansion.
Intracranial Pressure
Elevated ICP is associated with neurological deterioration and poor outcome [82] . ICH patients with clinical or radiographic evidence of elevated ICP, therefore, may be candidates for interventions aimed at reducing it. ICP monitoring should be considered to guide therapy (see "ICP monitor placement"). Medical management aimed at reducing ICP includes hyperventilation and osmotic agents, which can improve cerebral blood flow and metabolism in animals with transtentorial herniation [83] . In humans, however, hyperventilation may be harmful outside of shortterm use while awaiting surgical decompression. Osmotic agents, such as mannitol and hypertonic saline, can be effective in the short-term management of transtentorial herniation or acute neurological deterioration associated with high intracranial pressure [84] . There is little data available on "desired" intracranial pressure ranges in ICH patients. The AHA guidelines, therefore, are partly based on data available from traumatic brain injury. The AHA recommends maintaining cerebral perfusion pressure between 50 and 70 mmHg, depending on cerebral autoregulation status [61] . The ESO recommends a cerebral perfusion pressure greater than 60 to 70 mmHg [62] . Because a randomized trial did not show any benefit of corticosteroids and showed higher complication rates in the treatment group, there is no clear role for them at this time [85] .
Supportive Care
Glucose A hyperglycemic state is common in the acute phase following ICH, affecting as much as 60% of patients. This independently predicts higher mortality rates in patients with and without diabetes [86, 87] . In addition, hyperglycemia is associated with larger hematoma volumes and more intraventricular hemorrhage (IVH) [86, 87] . The underlying pathophysiology of these findings remains unclear. Hypotheses include a nonspecific stress response or hypothalamic nuclei irritation [88] . In an experimental setting, a hyperglycemic state predisposes diabetic mice and rats to hematoma expansion compared to nondiabetic controls [89] . No randomized trial has been performed with only ICH patients, but 1 trial including critically ill patients in general showed improved functional outcomes with intensive management of glucose levels with insulin [90] . In contrast, the United Kingdom Glucose Insulin in Stroke Trial (GIST-UK) did not show any clinical benefit of intensive insulin therapy for a combined group of ICH and ischemic stroke patients, but the study was terminated early due to slow enrollment, and was therefore potentially underpowered to detect a significant difference between the 2 treatment groups [91] . Of note, all patients in these trials received therapy to correct hyperglycemia; the comparison was only subcutaneous versus intravenous insulin. No trial has included an arm in which hyperglycemia remains untreated, given the observational data on its harmful effects. Therefore, the AHA and ESO continue to recommend glucose monitoring and normoglycemia for all ICH patients in their most recent guidelines [61, 62] .
Temperature
Fever is common in both deep and lobar ICH, especially in those with ventricular extension of their hematoma. After 3 days of hospital admission, fever and its duration are associated with poor clinical outcome [92] . This finding suggests that maintaining normothermia is favorable.
Anemia
Anemia is frequently found in ICH patients, even more so in those with larger hematomas [93] . Related to this finding, the transfusion of packed red blood cells is associated with increased 30-day survival rates [94] . However, both the AHA and ESO guidelines do not contain any specific advice on the treatment of anemia, and there is no clear target hemoglobin or hematocrit [61, 62] .
Surgical and Interventional Management
ICP Monitor Placement
Monitoring of ICP is frequently performed in clinical practice, but is not extensively studied in the literature. Placement of an ICP monitor gives clinicians additional information with intubated or subconscious patients. In addition, an ICP monitor provides the opportunity to guide therapies aimed at reducing ICP and managing blood pressure while maximizing cerebral perfusion pressure [95] . Therefore, the AHA recommends considering the placement of an ICP monitor in patients with clinical signs of transtentorial herniation, a Glasgow Coma Scale (GCS) score of less than 9, hydrocephalus, or extensive IVH [61] . The ESO considers ICP monitor placement reasonable in mechanically ventilated patients [62] . An additional important treatment strategy consists of treating the underlying causes of elevated ICP, such as hydrocephalus or extensive intraventricular hemorrhage. As previously described, a cerebral perfusion pressure of approximately 70 mmHg is considered to be reasonable.
IVH and Hydrocephalus
Intraventricular extension of ICH is relatively common, occurring in as much as 42% of patients [96] . Those with IVH suffer worse outcomes, and the amount of intraventricular blood relates directly to mortality [97] . A number of strategies are available to manage IVH. The most common is the placement of an external ventricular drain (EVD), which may reduce intracranial pressure; however, this effect is counterbalanced by the risk of infection and catheter obstruction by clots [96, 98] . One group found that the intraventricular administration of thrombolytic agents to stimulate hemorrhage clearance may reduce mortality rates [99] ; this has been followed up by the ongoing Clot Lysis Evaluating Accelerated Resolution of Intraventricular Hemorrhage III (CLEAR III) trial (ClinicalTrials.gov No. NCT00784134). Preliminary results show that the intraventricular administration of recombinant tissue-type plasminogen activator is safe; the symptomatic hemorrhage rate was 8% and bacterial ventriculitis was absent. The 30-day mortality rate of 8% was within the study safety limits [100] .
As with IVH, hydrocephalus seems to predict poor outcome. In the International Surgical Trial in Intracerebral Haemorrhage (STICH), 23% of all ICH patients and 55% of those with IVH had hydrocephalus. This was found to be a predictor of poor outcome [101] . Placement of an EVD for hydrocephalus relieves intracranial pressure and also provides ICP monitoring. Therefore, AHA and ESO guidelines consider EVD placement reasonable in selected patients with a decreased level of consciousness [61, 62] .
Surgical Clot Evacuation
Surgical evacuation of hematomas remains controversial. Surgical evacuation reduces mass effect, and may minimize further damage and edema formation [102] . However, this effect is counterbalanced by the damage incurred during the approach through healthy tissue. This problem is most relevant for thalamic, basal ganglia, and pontine hemorrhages. The STICH trial [103] (n=1033), published in 2005, compared early surgery with medical treatment only. Patients were eligible for the study only if the responsible physician was uncertain as to the benefits of either treatment. At 6 months, early surgery (at a median time of 30 h from ICH onset) showed no benefit compared to conservative treatment; 24% versus 26% had good recovery or moderate disability. However, it may be that more easily accessed hematomas are a select group; in a subgroup analysis, early surgical treatment of lobar hematomas within 1 cm of the cortical surface were most likely to benefit [103] . The ongoing STICH II trial (International Standard Randomised Controlled Trial Number Register No. ISRCTN22153967) specifically tests the benefits of early surgery for lobar hematomas within 1 cm of the cortical surface without intraventricular extension [104] . One limitation of the original STICH trial was the timeframe to evacuation (median of 30 h); it may be that any benefit of craniotomy is time dependent. However, a pilot study using the STICH trial protocol (except that patients were treated within 4 hours of symptom onset) showed higher rates of re-bleeds and poor outcomes [105] . Overall, for craniotomy in general, a Cochrane review of 10 trials pooling 2059 patients showed a statistically significant result in favor of surgery when looking at death as an endpoint alone, and also when death or dependency at final follow-up were combined [106] .
Cerebellar Hematomas
A different subgroup of ICH consists of cerebellar hematomas. Several nonrandomized studies showed beneficial outcomes for cerebellar hematomas with a diameter exceeding 3 cm, or causing hydrocephalus or brainstem compression, when surgically evacuated compared to medical treatment only [107] [108] [109] [110] . In another study, best results were obtained by surgery in patients with a GCS below 14 or hematomas with a volume of 40 mL or more [111] . The AHA and ESO guidelines both recommend emergency surgery for cerebellar hematomas when patients are neurologically deteriorating or showing signs of brainstem compression and/or hydrocephalus [61, 62] . Initial treatment with an EVD instead of surgery is not recommended by the AHA [61] .
New Techniques
New surgical techniques are emerging along the horizon of ICH treatment. Two promising techniques are stereotactic and endoscopic surgical evacuation of the hematoma. These approaches are believed to cause less damage to healthy tissue compared to an open craniotomy. A study of stereotactic-guided evacuation by endoscope showed a higher likelihood of good outcome compared to those who received the best medical care only [112] . A more recent study, the Stereotactic Treatment of Intracerebral Hematoma by Means of a Plasminogen Activator (SICHPA) trial, showed a significant volume reduction in the treatment arm of 10 to 20% within 72 hours of symptom onset. However, no significant effect was found on 6-month functional outcome or mortality [113] . In contrast, 2 other trials (one nonrandomized [114] and one randomized [115] ) found stereotactic aspiration of deep ICH to be safe and associated with early improvement of National Institute of Health Stroke Scale (NIHSS) scores and improvement of long-term functional outcome measured by modified Rankin Scale [114, 115] . The ongoing Minimally Invasive Surgery plus T-PA for Intracerebral Hemorrhage Evacuation (MISTIE) clinical trial (ClinicalTrials.gov No. NCT00224770) investigates this therapeutic strategy in more depth by randomizing patients to either stereotactic aspiration with subsequent irrigation of the hematoma with thrombolytics or medical management only [104] .
Prevention of Complications
Seizures
Seizures are a known complication of ICH. In patients undergoing continuous electroencephalographic monitoring, electrographic seizure frequency was 28% within 72 h after ICH. Most occurred in the first 24 h, and these (mostly subclinical) seizures were seen more in lobar ICH patients and were associated with decreased NIHSS scores and increased midline shift. There was also a trend toward poorer functional outcome at discharge [116] . Treatment with antiepileptic drugs (AEDs) in lobar ICH patients is associated with a decrease in the number of clinically detectable seizures, which in theory should be beneficial [117] . However, AEDs have not been shown to improve outcome, and in fact may be associated with worse outcomes in unselected ICH patients [118, 119] . Therefore, the current AHA and ESO guidelines do not recommend the routine use of antiepileptic drugs in unselected ICH patients [61, 62] . In a recent review, a treatment paradigm for the use of AEDs was proposed based on findings during neurological examination, ICH location, and the presence of clinical seizures [120] .
Deep Vein Thrombosis
Deep vein thrombosis (DVT) is a common complication in hospitalized patients. Prevention of DVT is even more challenging in ICH patients given the concern that anticoagulation can increase the risk of bleeding. The incidence of asymptomatic DVT in ICH patients is approximately 10 to 16% [121, 122] . Stockings alone are not effective in preventing DVT in patients with ischemic or hemorrhagic strokes [122] . Intermittent pneumatic compression combined with elastic stockings is more effective than elastic stockings alone in preventing DVT in patients with ICH [121] . Therefore, the AHA and ESO recommendations state that patients with ICH should receive elastic stockings with additional pneumatic compression [61, 62] .
In a study using a historical control group, early administration (day 2 after ICH) of subcutaneous lowdose heparin was associated with a decrease in pulmonary emboli without an increase in re-bleeding rates [123] . A recent retrospective study showed that the early use of subcutaneous low molecular weight heparin (LMWH) or unfractionated heparin does not lead to hematoma expansion in the acute (2-4 days) and subacute phase (≤7 days) in both patients with ICH and patients with ICH and associated IVH [124] . Therefore, the AHA guidelines state that the administration of LMWH or unfractionated heparin may be considered after obtaining evidence of the discontinuance of bleeding [61] . The ESO guidelines consider LMWH to be safe after 24 hours from ICH onset [62] .
Prognostics
Outcome
Despite technological advances, the overall mortality has not been significantly affected for the last several decades, and 1-month mortality remains approximately 40%. In addition, after the first year, more than 75% of all patients are severely disabled or deceased [1, 4] . Many patients, families, and providers wish to know, in the acute phase, what the patient's outcome will be ultimately.
Outcome Prediction
Several predictors of outcome after ICH have been previously described and include age, NIHSS score, ICH location, baseline hematoma volume, anticoagulation use, and the presence and severity of IVH. Using these factors, several prediction models of ICH outcome have been developed. Two include the ICH score and FUNC score. The ICH score predicts 30-day mortality and includes age, GCS score, infratentorial location, IVH presence, and ICH volume (Table 1 and Fig. 2) [125] . The FUNC score predicts functional independence at 3 months and uses age, premedical history of cognitive impairment, GCS score, ICH location, and ICH volume (Fig. 3) [14] .
End-of-Life Decisions
End-of-life decisions and the withdrawal of medical care are pivotally important in the outcome of ICH. A study including 1421 patients showed that withdrawal or limitations of care were the leading cause of death (68%) in ICH patients [126] . Do not resuscitate orders have been shown to be an independent predictor of poor short-and long-term outcome after adjustment for ICH severity [53, 127] . It seems that the most important variable associated with outcome is the level of medical care provided. When providers take a more nihilistic approach, clinical outcomes are worse, even when a cardiac or respiratory arrest is absent [128] . Therefore, clinicians should be careful of adopting a "self fulfilling prophecy" in which selected patients receive less aggressive care overall, and the AHA in fact recommends deferring any care limitation order for the first 24 h after ICH [61] .
Prevention of Recurrent ICH
The rate of recurrent hemorrhage is approximately 2% per patient-year [129, 130] . Several risk factors for recurrent ICH have been identified during the years, including older age [130] , hypertension [129] , lobar ICH location [131] , possession of the apolipoprotein E ε2, or ε4 allele [132] , and more microbleeds on gradient recalled echo MRI [51] . Of these, hypertension is an important and modifiable risk factor for recurrent hemorrhage. In patients with a diastolic blood pressure greater than 90 mmHg, the recurrence rate of ICH is 10% per patient-year compared to 1.5% in patients with a diastolic blood pressure below 90 mmHg [129] . In the previously described Perindopril Protection against Recurrent Stroke Study (PROGRESS) trial, blood pressure lowering was also associated with a reduced risk of recurrent ICH [11] . Therefore, appropriate blood pressure regulation, before and after ICH, is a pivotal treatment aim for physicians involved in the care of ICH patients.
In an observational study, antiplatelet therapy after ICH was common and seemed not to be associated with the recurrence of both deep and lobar ICH [131] . However, oral anticoagulation use after ICH is associated with a threefold increase in recurrent ICH [130] . It is likely that some patients can be safely re-anticoagulated (such as those with hypertensive ICH in whom good blood pressure control can be achieved), but some cannot, and the appropriate timeframe is likely a function of their risk [133] . Recent studies have highlighted a role for oral thrombin and factor Xa inhibitors as warfarin alternatives [71] [72] [73] . To minimize mass effect of the hematoma, the STICH II trial selects patients with lobar hematomas within 1 cm of the cortical surface for hematoma evacuation, and the MISTIE trial is evaluating minimally invasive surgical techniques. The clearance of intraventricular blood with thrombolytics is the subject of the CLEAR III trial. Finally, novel potential neuroprotective agents are under investigation. One of the recently published agents (deferoxamine) may help minimize neuronal injury following ICH, and a phase II trial is under consideration [134] . Other neuroprotective agents studied in ongoing trials include statins (Simvastatin for Intracerebral Hemorrhage Study; ClinicalTrials.gov No. NCT00718328), albumin (ACHIEVE; ClinicalTrials.gov No. NCT00990509), celecoxib (ACE-ICH; ClinicalTrials. gov No. NCT00526214), and pioglitazone (SHRINC; ClinicalTrials.gov No. NCT00827892). In conclusion, the next several years may see numerous advances in the care of patients with ICH as a result of these ongoing studies.
